Abstract. Between January 1998 and December 2000, the Jayapura Provincial Public Hospital in northeastern Indonesian New Guinea (Papua) admitted 5,936 patients with a diagnosis of malaria. The microscopic diagnosis at admission was Plasmodium falciparum (3,976, 67%), Plasmodium vivax (1,135, 19%), Plasmodium malariae (8, < 1%), and mixed species infections (817, 14%). Approximately 9% (367) of patients were classified as having severe malaria (277 P. falciparum, 36 P. vivax, 53 mixed infections, and 1 P. malariae) and 88 died (79 P. falciparum/mixed infections and 9 P. vivax). Risk of fatal outcomes among severe malaria patients was indistinguishable between those with falciparum versus vivax malaria (OR ‫ס‬ 0.89; P ‫ס‬ 0.771). Compared with non-pregnant women, pregnant women showed no higher risk of severe malaria (P ‫ס‬ 0.643) or death caused by severe malaria (P ‫ס‬ 0.748). This study compares admissions per population (based on census data), parasitemia, morbidity, and mortality among children versus adults, pregnant versus non-pregnant women, and urban/suburban versus rural residents.
INTRODUCTION
Chronic, heavy exposure to plasmodia induces a naturally acquired immunity that diminishes parasite burden and attendant risk of disease and death. 1 The distinctive epidemiology of malaria in intense transmission endemic settings has been thoroughly documented. 2 Relatively few studies document the epidemiology of malaria in the setting of unstable transmission where few people have had prior exposure sufficient for onset or maintenance of protective immunity. We previously reported on the risk of severe morbidity and mortality among non-immune migrants to Indonesian New Guinea. 3, 4 In contrast to the marked susceptibility of young children in hyper-and holoendemic areas, we found adults to be significantly more susceptible to severe disease than children experiencing the same burden of infection. This pattern changed after a year or two, with onset of age-dependent immunity to high-density parasitemia and fever. [5] [6] [7] We examined 3 years of records of admissions for malaria at the provincial hospital in Jayapura, Papua (formerly known as Irian Jaya), Indonesia. The catchment area for this hospital encompassed 63,000 km 2 and a population of ∼338,000, including sparsely populated rural areas with moderate to intense perennial malaria transmission and densely populated urban/suburban areas of relatively low risk. 8 Across this spectrum of exposure and acquired immunity, we sought to identify demographic risk factors for poor outcomes with malaria. We also examined reported morbidity and mortality caused by Plasmodium vivax.
MATERIALS AND METHODS
Study area. Jayapura District is located in the northeastern corner of Papua, Indonesia, and is home of the provincial capital Jayapura and nearby satellite towns ( Figure 1 ). The urban and suburban environments have a relatively low risk of malaria transmission compared with surrounding rural areas. The population density in the urbanized and developed areas is 245/km 2 , 9 compared with 4/km 2 in the surrounding forested landscape covering ∼60,000 km 2 . Dense primary and secondary forest closely surround the scattered but substantial settlement schemes and smaller villages (∼60,000 people) in the hinterlands of Jayapura (Figure 1 ). Rural areas just a few kilometers from Jayapura carry significant risk of malaria. 10, 11 Plasmodium falciparum is the dominant species, followed closely by Plasmodium vivax and distantly by Plasmodium malariae and Plasmodium ovale. Members of the Anopheles punctulatus species complex transmit malaria in this region. These mosquitoes typically favor open, sun-lit larval habitats (e.g., tracts cleared of forest that characterize most settlements in the region). 12 These mosquitoes appear far less frequently in urbanized areas, apparently precluded by strong preferences for relatively pristine natural environments. Therefore, risk of exposure to biting anophelines vastly increases in rural environments and in village settings rather than forest interior. Vector mosquitoes in settlements transmit malaria to children and adults with equal frequency. 13, 14 Study hospital. The Rumah Sakit Umum Propinsi (RSUP, Provincial Public Hospital) in Jayapura is a 350-bed tertiary care facility operated by the provincial health service. It provides care to ∼110,000 patients annually, admitting roughly 10% of cases. The RSUP receives patients directly, as well as those referred from secondary hospitals and clinics located at other nearby urban areas or settlements in outlying rural areas ( Figure 1 ). Annually, malaria accounts for ∼15% of all hospitalizations (i.e., ∼2,000 malaria admissions/yr). RSUP operated a clinical laboratory that collected and examined Geimsa-stained blood films from patients with fever or otherwise suspected as having malaria as a matter of routine. We did not evaluate the competency of the staff malaria microscopists at RSUP, and we are not aware of any such standardized examination. Nonetheless, the microscopists were known as reliable on the basis of numerous collaborations over > 15 years of malaria research in the Jayapura area. A recently conducted microscopy refresher training course found that the microscopists at RSUP hospital qualified as either competent or expert in objective, blinded pre-training evaluations in diagnosis of malaria. Moreover, none committed the error of diagnosing falciparum malaria as P. vivax in either pretraining or post-training examinations (Din Syafruddin, personal communication).
Record review. During 2001 and 2002, we reviewed records of patients admitted to RSUP with a slide-confirmed diagnosis of malaria between January 1998 and December 2000. A single study physician (HP) collected records from the RSUP archive and recorded the month of admission, age, pregnancy status, ethnicity, location of residence, clinical presentation, parasitologic findings, duration of hospital stay, treatment, and outcome. Records consisted of standard hospital patient treatment folders, each with a unique hospital identification number. Nurses and physicians recorded patient demography, signs and symptoms, laboratory results, and treatment plans on standard forms. All patients received a microscopic diagnosis of malaria by Giemsa-stained blood smear and a hemoglobin test for anemia. A total of 5,936 records were reviewed. The physician classified cases as "severe" on the basis of documented evidence of one or more criteria of the World Health Organization (WHO) definition of severe malaria. 15 The data were double entered into digital databases and discrepancies corrected by re-examining records. A corrected, final database was locked (by "read only" measures) and used in all of the analyses reported herein.
Statistical analyses. Incidence calculations are based on 2000 population data compiled by the Provincial Population Statistics Office. 16 Twenty-eight districts in the province comprised the hospital catchment population. We defined 4 of the 28 districts as urban on the basis of population density > 100/km 2 : Jayapura Utara (north), Jayapura Selatan (south), Abepura, and Sentani. Hospital staff graded parasitemia on the four-point "plus system" scale (Appendix 1) where 0 is negative for infection and 4 is > 10 parasites per thick film field. 17 We defined high-grade parasitemia as a score > 3 (the median score for both P. falciparum and P. vivax). Gametocytemia is defined as the presence of any sexual stage parasite. Seven clinical symptoms of malaria included fever, chills, headache, nausea, vomiting, myalgia, and weakness. Our record review failed to find residence data for 90 patients, pregnancy status for 122 women of childbearing age, and outcome data for 2 patients diagnosed with severe malaria. Cases without residence data were removed from analyses comparing urban versus rural residents. Cases without known pregnancy status were removed from analyses comparing pregnant and non-pregnant women. Cases without outcome data were removed from analyses involving death statistics. For mean comparisons, we report two-tailed P values from the independent samples t test. Odds ratios and P values for comparison of rates and proportions were calculated using 2 contingency tables. Analysis was performed using SPSS version 9.0.0 (Chicago, IL) and EpiInfo2000 Version 1.1.2 (Atlanta, GA).
RESULTS
Over the 36-month period, the hospital admitted 5,936 patients with a diagnosis of malaria. The microscopic diagnosis at admission for these patients was: Plasmodium falciparum (3,976, 67%), P. vivax (1,135, 19%) , P. malariae (8, < 1%), and mixed species infections (817, 14%).
Demography. More than 60% of patients originated from other areas of Indonesia (18% from Java or Bali, 42% from other Indonesian islands, and < 1% outside the country). Native Papuans comprised 38% of patients, with 78% of these coming from malaria endemic lowland areas and 22% from typically nonmalarious highland (> 2,000 m above sea level) locations. Table 1 compares the age distribution of patients admitted for malaria to that of the general population of the province of Papua in 2000. The proportion of youngest children (< 4 years of age) and adults (> 15 years) among hospitalized patients was higher than in the general population (P < 0.001 and P ‫ס‬ 0.007, respectively), whereas older children (5-15 years) were under-represented among hospitalized patients (P < 0.001). Table 2 summarizes the demographic characteristics of hospitalized children versus adults, pregnant versus nonpregnant women, and rural versus urban residents. The patient records of 1,727 children and 4,209 adults were evaluated. Patient mean ages were 6 and 30 years, respectively. Hospitalized women of childbearing age (1,921 Ն 13 years) were classified as either pregnant (380) or non-pregnant (1,419), with mean ages of 26 and 30 years, respectively (P < 0.001). Pregnancy status was unrecorded in 122 cases. Patients from rural areas represented 726 cases, and 5,120 patients reported residing in urban/suburban areas, with mean ages of 21 and 23 years, respectively (P < 0.001). Parasitology. Table 3 lists the parasitologic characteristics of hospitalized children versus adults, pregnant versus nonpregnant women, and rural versus urban residents. The median parasite score (based on WHO four-point graded scale) was 3 for both P. falciparum and P. vivax. The ratio of P. falciparum to P. vivax was significantly (P < 0.001) less among children versus adults (2.7:1 versus 3.9:1; P < 0.001). Risk of high-grade parasitemia (> 3 point score) was higher among children versus adults infected by P. falciparum (56% versus 46%; OR ‫ס‬ 1.51, P < 0.0001), and by P. vivax (25% versus 18%; OR ‫ס‬ 1.49, P < 0.001). The proportion of blood films showing gametocytemia was significantly higher among children than adults (37% versus 26%; P < 0.001).
The ratio of P. falciparum to P. vivax was significantly lower among pregnant women compared with non-pregnant women (2.6:1 versus 3.7:1; P ‫ס‬ 0.017). Pregnant women had no significantly greater risk of high-grade P. falciparum (54% versus 48%) or P. vivax (14% versus 19%) parasitemia (OR ‫ס‬ 1.24, P ‫ס‬ 0.103 and OR ‫ס‬ 0.72, P ‫ס‬ 0.224, respectively); however, the gametocyte rate was significantly higher compared with non-pregnant women (36% versus 26%; P < 0.001).
The ratio of P. falciparum to P. vivax was 3.5:1 for both rural and urban residents. Rural residents showed lower risk of high-grade P. falciparum parasitemia (44% versus 50%; OR ‫ס‬ 0 .79, P ‫ס‬ 0.008), but equal risk for high-grade P. vivax parasitemia (18% versus 21%; OR ‫ס‬ 0.87, P ‫ס‬ 0.442). The proportion of blood films showing gametocytemia was significantly higher among rural residents (33% versus 28%; P ‫ס‬ 0.019).
Clinical presentation and outcomes. The most commonly reported complaints were fever (87%), vomiting (55%), nausea (22%), headache (18%), chills (16%), malaise (11%), and vertigo (11%). Table 4 summarizes clinical presentation and outcomes among children versus adults, pregnant versus non-pregnant women, and residents of rural versus urban/ suburban areas.
Children reported vomiting, nausea, headache, and vertigo significantly less often than adults (36% versus 62%, OR ‫ס‬ 0.35, P < 0.0001; 5% versus 29%, OR ‫ס‬ 0.13, P < 0.0001; 7% versus 22%, OR ‫ס‬ 0.26, P < 0.0001; and 3% versus 14%, OR ‫ס‬ 0.18, P < 0.0001, respectively). Adults more often presented with three or more symptoms consistent with malaria (43% versus 11%; OR ‫ס‬ 6.1, P < 0.001). Anemia (< 8 g/dL) was reported as a feature of disease in 22% of children but only 6% of adults (OR ‫ס‬ 4.9, P < 0.001). The proportion of patients classified as having severe malaria was 10% of children versus 5% of adults (P < 0.001). The death rate among children with reported severe malaria was 16% versus 31% among adults (P ‫ס‬ 0.0006).
Pregnant women presented less often with three or more clinical symptoms consistent with malaria (26% versus 40%) compared with non-pregnant women (P < 0.001). Anemia was reported in 13% of pregnant women and 9% of nonpregnant women (P ‫ס‬ 0.006). No differences appeared between pregnant and non-pregnant women classified as having severe malaria (both 3%, OR ‫ס‬ 1.16, 95% CI ‫ס‬ 0.59-2.26). The death rate among pregnant women with severe malaria was 38% compared with 33% among non-pregnant women (OR ‫ס‬ 1.25, 95% CI ‫ס‬ 0.27-5.38).
People living in rural areas were less likely to have reported three or more complaints consistent with malaria compared with those living in urban or suburban areas (30% versus 35%, P ‫ס‬ 0.010). Anemia was reported as a feature of disease in 20% of people living in rural areas compared with 9% among those living in urban/suburban zones (P < 0.001). The proportion of rural residents classified as having severe malaria was 10% versus 6% among urban/suburban dwellers (P < 0.001). The death rate among rural residents with severe malaria was 17% compared with 27% among urban/suburban dwellers (P ‫ס‬ 0.083).
The overall proportion of cases classified as having severe malaria was 6% (367/5,936). The proportion of cases classified as severe was 7% (277/3,976) for P. falciparum, 3% (36/ 1,135) for P. vivax, and 6% (53/817) for mixed infections. One Among the 88 malaria-attributed deaths (5,811 patients with confirmed outcomes), 9 fatalities occurred in patients with P. vivax recorded as the only species present in blood film examinations. Table 5 lists the number of patients with each recorded clinical feature of severe malaria at the time of or soon after admission. There were no significant differences between P. falciparum and P. vivax patients with respect to reported clinical features, except for hyperparasitemia (> 3 score), which was more common with P. falciparum (P < 0.0001). The risk of death caused by severe malaria was 23% for P. falciparum (63/276, 1 outcome unknown), 25% for P. vivax (9/36), and 31% for mixed infections (16/52, 1 outcome unknown). Severe malaria patients with mixed infections were not significantly more likely to suffer a fatal outcome than those with monoinfections (OR ‫ס‬ 1.49, 95% CI ‫ס‬ 0.74-2.96). Splenic rupture was not reported in any patient who suffered a fatal outcome. Table 6 presents the parasite scores of patients with P. falciparum or P. vivax monoinfections, stratified by three clinical groups: non-severe malaria; severe malaria, surviving; and severe malaria, not surviving. There was no significant difference in survival rates among severe malaria patients with P. falciparum versus P. vivax monoinfections (OR ‫ס‬ 0.89; 95% CI ‫ס‬ 0.37-2.15). Falciparum malaria patients with high parasitemia were not statistically more likely to either be classified as having severe malaria or not survive severe malaria compared with non-severe malaria patients (OR ‫ס‬ 1.30, 95% CI ‫ס‬ 0.92-1.84 and OR ‫ס‬ 0.99, 95% CI ‫ס‬ 0.55-1.80, respectively). Vivax malaria patients with high parasitemia were significantly more likely to be classified as having severe malaria (OR ‫ס‬ 4.88, 95% CI ‫ס‬ 1.47-24.45) but not more likely to suffer a fatal outcome from severe malaria (OR ‫ס‬ 0.49, 95% CI ‫ס‬ 0.10-2.28) compared with non-severe malaria patients.
Hospitalization risk and monthly distribution. The annual incidence of hospitalization for malaria in Jayapura District was 4.9, 6.5, and 6.3 per 1,000 person-years in 1998, 1999, and 2000, respectively. Figure 2 shows the number of malaria admissions at RSUP over the 36 months of reporting. The number of cases per month ranged between 66 and 248 (mean ‫ס‬ 165). Falciparum malaria showed distinct seasonal peaks and troughs, whereas P. vivax hospitalizations remained relatively stable throughout the year. Months of greatest patient admission activity for falciparum malaria were April to June, a time coinciding with normal transition from wet to relatively drier months of the year.
DISCUSSION
Higher risk of malaria in Jayapura District lies mainly in sparsely populated rural areas, 8 where greater transmission intensity and incidence of infection provides sufficient exposure for the rapid development and sustainability of clinical acquired immunity to falciparum malaria. 18, 19 Risk of severe disease may increase among residents with insufficient exposure precluding development of protective clinical immunity (i.e., being similar to non-immune individuals from nonendemic regions). Moreover, there may be segments in the general population more vulnerable to severe disease, particularly pregnant women and young children. [20] [21] [22] The prevailing view among physicians and scientists has been that P. vivax infection, although long known as capable of causing death (especially by rupture of the spleen), results in an uncomfortable but generally benign course of disease. Indeed, vivax malaria has long been known as "benign tertian malaria." Historically, reports often attributed P. vivax fatali- 23 Clinical features of cases for which the author gained pertinent information were described as "cerebral in type," with no mention of splenic rupture. The author attributed the P. vivax deaths to misdiagnosis. The data from Jayapura similarly suggest a less benign infection. The observed risks of severe and fatal outcomes should be corroborated by prospective studies using definitive diagnostic protocols both for malaria and for ruling out concurrent infections by other pathogens.
We had no objective measure of the competencies of the microscopists at RSUP. Misdiagnosis of P. falciparum or cryptic mixed infections of P. falciparum and P. vivax as monoinfection by P. vivax represent potential pitfalls. 24, 25 However, we considered possible misclassification bias as likely to favor the diagnosis of P. falciparum: this representing the diagnosis of safety for the patient and consistency with the perceived etiology of severe falciparum malaria. In view of the direction of these biases, we considered our estimates of risk with vivax malaria to be conservative. Nonetheless, in areas where malaria is heavily endemic, malaria may be the likely diagnosis across a broad spectrum of other infectious diseases (e.g., meningococcal encephalitis, viral encephalidities, infectious pneumonias, and many others). In this study, we could not rule out these as underlying causes of severe and fatal disease with patent falciparum or vivax malaria.
Plasmodium falciparum was diagnosed in 67% of hospitalized patients, and 19% of hospitalizations were with vivax malaria (excluding mixed infections, P. vivax accounted for 14% of hospitalizations). This approximate 3:1 P. falciparum:P. vivax ratio is only slightly higher than observed in many cross-sectional malaria surveys in the region. 6, 7, 10, 11, 18, 19 We do not know the ratio of plasmodia species over the period of this hospital review across the region, but the 19% of hospital admissions for malaria being caused by vivax malaria exceeded expectations for a supposedly benign infection. This was also true with regard to risk of severe disease: 7% of hospitalizations resulting from P. falciparum and 3% for P. vivax. Among patients with severe disease, vivax proved as lethal as falciparum malaria, with case fatality rates of 25% and 23%, respectively (P ‫ס‬ 0.771).
Few published studies describe severe and fatal vivax malaria. Most of what we understand derives from induced infections in neurosyphilis patients or prison volunteers who were protected from life-threatening outcomes. Evidence from endemic areas lends support to the view that vivax malaria may be perhaps less benign than widely perceived. Basu and others 26 reviewed 405 malaria admissions to hospital in Calcutta, mostly P. vivax, of which five cases were classified as severe, and Mehta and others 27 identified 24 patients with acute renal failure associated with malaria, among which 3 cases were attributed to P. vivax monoinfection. Among 40 malaria-related deaths of travelers repatriated to the United States over a 20-year period, 2 of these were attributed to P. vivax monoinfections. 28 Numerous cases of clinical syndromes consistent with severe falciparum malaria caused by P. vivax monoinfection have been reported. [29] [30] [31] [32] [33] [34] [35] [36] [37] However, all of these studies relied on microscopic diagnosis, and the high likelihood of misdiagnosis of mixed infections is well known. 24, 38, 39 The severity of disease in such patients may be explained on the basis of a missed diagnosis of falciparum malaria.
A recent study, however, applied microscopic diagnostics complemented with polymerase chain reaction assays affirming the absence of P. falciparum among 11 severely ill malaria patients in India. 40 These patients exhibited the syndromes of cerebral malaria, renal failure, circulatory collapse, severe anemia, hemoglobinurea, abnormal bleeding, acute respiratory distress syndrome, and jaundice. Among the nine fatal cases of vivax malaria recorded at RSUP, the case records listed the following syndromes: cerebral malaria (two), seizures (one), acute respiratory distress (one), acute renal failure (one), liver dysfunction (three), metabolic acidosis (one), sudden cardiac arrest (one) and high fever (one). If rupture of an enlarged spleen is the dominant life-threatening complication of vivax malaria, 41 our study and others fail to corroborate that view. Instead, the presentation of cerebral manifestations, respiratory distress, and renal failure resembling severe falciparum malaria seems to be the more common presentation of severe P. vivax infection. Anstey and others 42 have reported evidence of lung injury among patients with vivax malaria in Papua, Indonesia. Nonetheless, no study of severe vivax malaria has systematically excluded underlying bacterial or viral infections as the basis of severe disease.
Elevated risk of hospitalization and death with severe malaria among adults relative to children occurred at Jayapura Hospital between 1998 and 2000. Relative to their proportion in the general population (68%), adults were overrepresented (71%; P ‫ס‬ 0.007) among hospitalized patients, whereas children (32% of population) were underrepresented among those hospitalized (29%; P < 0.001). How- BARCUS AND OTHERS ever, the youngest children (Յ 4 years), like adults, were over-represented among hospitalized malaria cases (16% versus 12%, P < 0.001). Children between the ages of 5 and 15 years seemed to be at lowest risk of hospitalization. This may be attributable to intrinsic factors related to host age or may be a product of differing exposure risk between age groups. For example, younger children may be required or more inclined to accompany their parents traveling into higher-risk areas, whereas older children may be left unattended in the city. However, when we examined the risk of severe disease among people having quantitatively equal risk of infection, adults were at significantly higher risk of severe disease and death. 3, 4 The greater risk of adults and older age children to severe disease and death has also been documented in other studies. [43] [44] [45] [46] We found no increased risks of severe disease or death among pregnant women compared with non-pregnant women admitted to hospital. This contrasts with holoendemic Africa, where pregnant women and especially the fetuses of primigravid women are more susceptible to complicated malaria and death. 21, 47 Other studies of pregnant women and malaria outside of holoendemic Africa have documented elevated risk of hyper-infection, severe malaria, or death compared with non-pregnant women. [48] [49] [50] [51] [52] However, other observations have suggested negligible to modestly increased ill effects of malaria on pregnant women and perinatal outcomes. [53] [54] [55] [56] [57] Kochar and others 54 reported a series of 441 severely ill malaria patients in India where the odds ratio of mortality among pregnant (59) versus non-pregnant (161) women was 1.32 (95% CI ‫ס‬ 0.66-2.58, P ‫ס‬ 0.417). Likewise, in the setting of RSUP, pregnancy was not a risk factor for severe malaria or a fatal outcome. In the absence of population pregnancy figures, we could not address the risk of hospitalization among pregnant versus non-pregnant women.
Important differences appeared between residents of urban or suburban areas versus those living in rural settings in Papua. Living in an urban setting carried greater risks of higher-grade parasitemia and a fatal outcome with severe malaria (Tables 3 and 4) . However, rural residents had higher risks of gametocytemia, anemia, and severe malaria (Table 4 ). These differences largely mirrored those appearing between children and adults. The mean age of rural patients was 21 years compared with 23 years among urban/suburban residents (P < 0.001) and confounding by age may, in part, explain these findings. Residents of rural areas, especially children, appeared relatively susceptible to anemia and severe malaria, whereas city dwellers, particularly adults, appeared relatively susceptible to fatal outcomes with severe disease. These differences may be related to a backdrop of chronic heavy exposure to infection with onset of some degree of immune mitigation of disease in rural areas. We accept that most patients coming from rural areas represent the worstcase outcomes among their neighbors, and the sample thus over-represents the more severely ill.
In summary, our retrospective analysis of 5,936 admissions to the referral tertiary care hospital in the Jayapura District in northeastern Papua, Indonesia, revealed risk factors for severe and fatal disease among a diverse population living in hypo-endemic or hyper-to holoendemic settings. Infection by P. vivax apparently resulted in frequent hospitalizations, severe disease (3% of vivax admissions), and death (25% of severely ill with vivax) by syndromes resembling those commonly seen with falciparum malaria. Adults and very young children tended to be over-represented among the hospitalized, with older children under-represented. Likewise, although children were at a higher risk of severe disease, adults carried a much greater risk of death when severely ill. Pregnancy was not a significant risk factor for severe or fatal malaria among these patients. People living in the countryside were at greater risk of presenting with anemia and severe malaria compared with urban-dwellers, but rural populations were at a lower risk of death with severe malaria. Several diagnostic pitfalls preclude definitive conclusions regarding the pathophysiology of vivax malaria, and prospective studies with definitive diagnostics are needed to clarify the risk of severe and fatal disease accompanying infection by P. vivax in heavily endemic settings.
